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l Why do we need to source characteristics ?

Frequency Based Substructuring (FBS) allows building a dynamic model of an assembly.
This allows predicting eigenfrequencies, modes and damping. But if one is interested in
vibration levels one needs to know the source of the excitation.

=  Example 2:

Vibration of a factory floor on which a high-
precision machine needs to be installed.
Also in that case predicting the vibration
levels transmitted to the machine is
essential in order to guarantee its proper

= Example 1:

Excitation generated by bearings and gears
within a gearbox in a car. When
engineering a car for comfort, it is of great
importance to understand how these
vibration are transmitted to the rest of the

car [1]. functioning [2].
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»

Why do we need to source characteristics ?

RAC  RAD-ME

Sources are characterized by

«their own dynamics (FRFs of the source componet)

the description of the excitation as it is seen by the heighbors.

Some source components need to be measured with fixed interface or with free interface
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Ingredients of a coupled analysis

Schematic representation of the problem:
_qz’ Measured or modeled FRF of receiving structure
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Assembled FRF through FBS
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Imposed Measured or modeled FRF of source structure
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A Imvosed How can we characterize the excitation source
e if the imposed loads in substructure A
dnsplaoement.""
ﬂ| cannot be measured ?
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Ingredients of a coupled analysis

2 basic options to characterize the source excitation:
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Blocked forces

The blocked force approach p——
Calling fA; ;ceq the force measured at the fixed interface of the source,
it can be shown (using primal and dual assembly forms) that [2,3] ...

For the receiving substructure B, the response is identical if the true
source is applied or if the blocked force is applied on the interface
as external force on the source+receiver assembly. a. Fixed interface
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Free interface displacements approach
Free vibrations
Calling 5:‘!,_“ the displacement measured at the free interface
of the source, it can be shown (using primal and dual assembly forms)
that [2,3] ...

For the receiving substructure B, the response is identical if the true
source is applied or if the free interface displacement is imposed as
relative displacement between the source and the receiver.

b. Free interface
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Remarks

1. These concepts are relatively well-known in acoustics (“blocked force and free
velocities”) but not very common in structures.

2. Theoretical relation between blocked force and free interface displacement:

6: and f:bloc.ked == (ch:: - Zgz::_ Z::) 5‘:_{7‘&3

The blocked force is the force needed on the interface to counteract the free interface displacements

A A
free = _Yoc fc,bloc}ced

These approaches are conceptually comparable to the Norton and Thevenin
equivalent circuits in electricity

[pictures from wikipedia.org]
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Remarks

4. In practice realizing perfectly fixed or free interface conditions can be difficult. Often
a support structure is attached to the source.

« If FRFs of source and test-rig are known then the
blocked force can be deduced from
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o « If only the FRF of the assembly is known, then the
4 blocked force can be deduced from the assembled
dynamic equivalent equilibrium
A+B A+B A B
ch+ Yc:i _fc.blocked = U
v+ xas|| %o
Requires measuring enough dofs in B and/or on the interface
(in situ method [4])
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